Salinity is an important abiotic stress affecting rice production worldwide. Development of salt tolerant varieties is the most feasible approach for improving rice productivity in salt affected soils. In rice, seedling stage salinity tolerance is crucial for better crop establishment. Quantitative trait loci (QTL) mapping using introgression lines (ILs) is useful for identification and simultaneous transfer of desirable alleles into elite genetic background. In the present study, 138 ILs derived from the cross between a high yielding elite salt susceptible japonica rice cultivar Jupiter and a salt tolerant indica landrace Nona Bokra were evaluated for salt tolerance at seedling stage in a hydroponics experiment and were genotyped using 126 simple sequence repeat markers. A total of 33 additive QTLs were detected by composite interval mapping for 8 morphophysiological traits. The phenotypic responses, genomic composition, and QTLs identified from the study indicated that Na/K ratio is the key factor for salinity tolerance. The mechanisms of tolerance might be due to homeostasis between Na + and K + or Na + compartmentation. Gene ontology (GO) analysis revealed that significant GO terms in the selected QTL regions were associated with the genes/pathways involved in signaling, enzyme inhibition, and ion transport. Because majority of QTLs are with small effects, marker-assisted recurrent selection is proposed to accumulate favorable alleles for improving salt tolerance using the tolerant ILs identified in this study. The tolerant ILs also provide an opportunity for functional genomics studies to provide molecular insights into salt tolerance mechanisms in Nona Bokra.
Field studies conducted by the University of California and controlled greenhouse studies by the US Department of Agriculture indicated that rice is more sensitive to salinity than the current guidelines suggest (Grattan et al. 2002) . Salinity affects rice growth at all growth stages with varying degree, but it is very sensitive during seedling and reproductive stages (Lafitte et al. 2004) . Rice exhibits significant yield reduction due to soil salinity at EC level more than 4 dSm −1 (Munns 2005) . Salinity stress during seedling stage usually leads to death. It also affects yield components such as panicle length, spikelet number per panicle, grain yield, and delays panicle emergence and flowering. But like any other plants, rice has evolved various mechanisms to cope with salinity stress: biosynthesis and accumulation of osmolytes, ion homeostasis and compartmentation, reactive oxygen species (ROS) detoxification, and programmed cell death (Hoang et al. 2016) .
To minimize the effect of salinity stress on rice, several strategies have been employed. Among these, water and soil management practices are important, but these are not effective in terms of achieving additional yield gain. In recent times, molecular marker-based selection in combination with conventional breeding is being used in crop improvement for the development of salt tolerant varieties (Lafitte et al. 2004) . Enhanced understanding of the salt tolerance mechanisms will allow combining conventional breeding, markerassisted selection (MAS), and genetic engineering to enhance salt tolerance in rice.
The idea of using physiological criteria for screening salt tolerance has been embraced by many (Epstein et al. 1980) . By selecting physiological traits that contribute to salt tolerance and combining them in a breeding program, highly tolerant varieties can be developed. But no salt tolerant varieties have been developed and released by using this approach till date. A more efficient and reliable method for estimating salinity tolerance is by the measurement of yield loss under stress in the controlled environment.
Another factor to be considered for developing salt tolerant varieties is that the rice genotypes have varied tolerance levels depending on the growth stage of the crop. Earlier studies indicated that salinity tolerance at the seedling stage is either weakly associated or independent of salinity tolerance at the reproductive stage (Moradi et al. 2003) . Since the level of salinity tolerance is dependent on stage of the rice plant, screening of salinity tolerance in breeding programs was suggested in 2 steps: 1) seedling salinity tolerance screening of large segregating populations under controlled environment and 2) evaluating salinity tolerance of promising lines from the first-round screening at the reproductive stage, preferably under the field conditions (Li and Xu 2007) .
Identification of major quantitative trait loci (QTL) contributing to salinity tolerance in rice is desirable for making quick progress in the breeding program. A major QTL "Saltol" was mapped in a population generated from the cross between a susceptible variety IR29 and a tolerant landrace Pokkali (Thomson et al. 2010 ). This QTL contributes for more than 70% of the variation in salt uptake in this population, and it was incorporated into popular varieties sensitive to salt stress through marker assisted backcrossing (Lafitte et al. 2004) . Several methods such as traditional map-based cloning, microarray-based transcriptional profiling of differential gene expression or a combination of genetic mapping and expression profiling have been used for identifying gene/QTLs (Pandit et al. 2010) .
A more precise breeding approach can be developed to improve salt tolerance through an understanding of the physiological and genetic mechanisms of salt tolerance. MAS improves the speed and efficiency of breeding programs because it is unaffected by environment and is efficient to use in early generations. It can be helpful for introgression of target genes/QTLs from salt tolerant parent to recipient. Besides the occurrence of "linkage drag" in which there is possibility of inclusion of undesirable traits due to the large size of chromosomal regions harboring the QTL, the influence of environment and genetic background may delay the progress in improving salt tolerance. Thus, development of affordable and reliable MAS tools is needed for breeding salt tolerance in rice.
Abundant rice germplasm stored in GenBank provides unique opportunity to exploit natural genetic variation for improving salinity tolerance. Although germplasm with desirable traits is available to design rice cultivars with tolerance to salt stress, majority of the salt tolerant donors belong to indica subspecies with several undesirable traits such as photosensitivity, shattering, red pericarp, and awn and are unadapted to rice growing regions of the southern United States. Therefore, development of prebreeding lines in the genetic background of adapted varieties using exotic donors is needed to expand the narrow genetic base of US rice germplasm (Xu et al. 2004; Lu et al. 2005 ).
Recognizing the above challenges, the present study was undertaken to identify QTLs associated with tolerance to salt stress in rice using the introgression lines (ILs) generated using an indica salt tolerant landrace Nona Bokra. The tolerant ILs identified in this study will facilitate the development of adaptable salt tolerant varieties using MAS in future.
Materials and Methods

Choice of Parents and Generation of IL Mapping Population
Jupiter was used as recurrent parent while Nona Bokra, a highly salinity tolerant, low yielding, photosensitive traditional indica landrace from India , was used as donor. Jupiter is a high yielding, semi dwarf, early maturing, medium grain variety with moderately resistant to lodging, neck blast, and panicle blight, released from LSU Agricultural center (Sha et al. 2006) . It is extensively cultivated in the southern United States but is susceptible to salinity (De Leon et al. 2015) . After the hybrids were produced using Jupiter as female and Nona Bokra as male, 3 consecutive backcrosses followed by 3 generations of selfing were performed to generate the BC 3 F 4 ILs by single seed descent method.
Seedling Salinity Tolerance Evaluation
A total of 138 ILs were screened for salinity tolerance at seedling stage in greenhouse following the standard protocol of IRRI with some modifications ) (Supplementary Figure  S1) . The screening experiment was conducted in a randomized complete block design with 3 replications. All lines were germinated in the laboratory and were transferred to nutrient solution which contained 1 g/L of Jack's Professional fertilizer 20-20-20 (J.R. Peters, Inc.) and 200 mg/L ferrous sulfate. When the seedlings were at 2 leaf stage, they were subjected to salt stress of EC 6 dSm −1 for 2 days followed by EC 12 dSm −1
. Three uniform plants were selected, and the phenotypic observations were recorded for morphological and physiological traits contributing to salinity tolerance. After the salinity symptoms were prominent, the chlorophyll content (CHL) was measured using a SPAD-502 chlorophyll meter (Spectrum Technologies, Inc.). The visual salt injury score (SIS) was recorded when the susceptible parent Jupiter showed the characteristic symptoms. The standard evaluation score of 1-9 was used.
The score 1 indicates that the line is highly tolerant and a score of 9 indicates high susceptibility. The data on root length and shoot length were recorded. After screening experiment, the shoots of ILs were oven dried at 65 °C for 10 days, and the dry weights were recorded. For measuring the concentrations of Na + and K + in the shoot, 100 mg tissue was taken from the pool of oven-dried plants in each line. The tissue was homogenized followed by digestion with nitric acid: hydrogen peroxide (5:3 mL) at 152-155 °C heating block for 3 h (Jones and Case 1990) . The total amount of Na + and K + was measured by a flame photometer (model PFP7, Bibby Scientific Ltd, Staffordshire, UK). The final concentrations of Na + and K + ions were computed using the standard curve developed using different dilutions.
Statistical Analyses
The analysis of variance (ANOVA) for each trait was computed by GLIMMIX procedure. The IL was entered as a fixed effect and replication as a random effect. Pearson correlation coefficients were computed to determine the relationship among different morphological and physiological traits. Statistical Analysis System (SAS) software version 9.4 for Windows (SAS Institute, Inc 2012) was used for the data analysis. The histograms were constructed in Microsoft Excel 2010 to analyze the distribution of ILs for each phenotypic trait.
Genotyping of ILs Using SSR Markers
Leaf tissue was collected from all the 138 ILs along with parents grown in control condition with no salt stress. The genomic DNA was extracted from the ground tissue using CTAB method (Chen and Ronald 1999) . The concentration of DNA in each sample was estimated by a ND-1000 spectrophotometer (Thermo Fisher Scientific, Wilmington). The DNA concentration of all samples was adjusted to a final concentration of 25 ng/µL for PCR amplification. Genotyping of the ILs was performed using SSR markers. The PCR reactions were performed with 15 μL final volume containing 50 ng (2 µL) of genomic DNA, 1.5 µL of 10× buffer containing 25 mM MgCl 2 , 1.5 µL of 2.5 mM dNTP mix, 1 µL each of forward and reverse primers (5 mM), and 1U of Taq polymerase. The PCR amplification profile was set up with an initial denaturation at 94 °C for 7 min, 35 cycles of 94 °C for 45 s, 55 °C for 45 s, 72 °C for 1 min, and a final extension at 72 °C for 7 min. The PCR products were electrophoresed in 8% polyacrylamide gels. The resolved bands were documented using Gel Logic 200 Imaging System (KODAK). The scoring of the bands in ILs was done based on the banding pattern of the parents.
Construction of Linkage Map and QTL Mapping
The genotypic data of the ILs were used to estimate the genomic composition of each line. The physical positions of the SSR markers were obtained from Gramene (www.gramene.org). In each IL, the length of the introgressed segments was computed based on the graphical genotype (Young and Tanksley 1989) using CSSL finder v. 0.9.7.2.2 (Lorieux 2005) . When 2 adjacent markers have same allele, the chromosome segment was assumed entirely of that marker genotype. But when 2 adjacent markers produced different alleles, the interval was equally divided among 2 markers. The possibility of double recombinants within the interval was disregarded. The percent genome composition of both recurrent and donor parent was computed. The genotypic data were used for generation of linkage map using QTL IciMapping software v. 4.1 (www.isbreeding.net/software).
The QTL IciMapping software v. 4.1 was used for QTL mapping. Three mapping methods viz., Interval Mapping for Additive QTL (IM-ADD), Inclusive Composite Interval Mapping for Additive QTL (ICIM-ADD), and Interval Mapping for Epistatic mapping (IM-EPI) were used to identify QTLs at LOD threshold of 2.0. The position of the QTL and its effects were estimated. ILs with high salt tolerance were selected based on the genome composition, phenotypic attributes, and presence of QTLs. The genes within few selected QTL intervals with 2 QTLs were obtained from the Rice Genome Annotation Project Database Release 7 (http://rice.plantbiology. msu.edu/). Gene ontology (GO) analysis was performed in the selected genomic regions using the plant set enrichment analysis tool kit (http://structuralbiology.cau.edu.cn/PlantGSEA) at 0.05 false discovery rate (FDR), and significant GO terms and genes putatively associated with salt tolerance were identified.
Results
Phenotypic Variation for Seedling Stage Salinity Tolerance Traits
The ILs and parents showed a wide range of variation for different morphophysiological traits in response to salt stress (EC 12 dSm −1 ) ( Table 1 ). Jupiter and Nona Bokra differed significantly for all traits. Nona Bokra recorded lower values consistently for SIS, Na + , and NaK ratio compared to Jupiter while the K + concentration of Nona Bokra was significantly higher than that of Jupiter. In the 138 ILs, there were significant differences among the lines for all the morphological and physiological traits (Supplementary Table  S1 ). The mean values of the ILs for all the traits were in between the mean values of parents with the exception for root length, shoot length, and CHL. The mean SIS value of Jupiter was 8.7 while it was 2.3 for Nona Bokra and 5.5 for the ILs. The IL population had a mean shoot Na + concentration of 1624 mmolkg −1 which was closer to Jupiter mean (1780 mmolkg −1 ) but much higher than that of Nona Bokra (1162 mmolkg −1 ). In contrast, for the shoot K + concentration, the IL mean (302 mmolkg ) and was much higher than that of Jupiter (167 mmolkg −1 ). Majority of traits were normally distributed in the ILs (Figure 1 ). The distribution of the trait means indicated the presence of transgressive segregants. There was wide variation in heritability values computed on family mean basis. The heritability values ranged from as low as 0.34 for SIS to as high as 0.98 for Na + concentration, chlorophyll, and root length. Moderate heritability was observed for SIS and shoot length.
Correlations among Salinity Tolerance Traits
The Pearson correlation coefficients indicated that there were significant correlations among different morphological and physiological traits for salinity tolerance ( Table 2 ). The SIS score showed positive and significant correlation with Na + concentration, Na/K ratio, and significant negative correlation with K + concentration, shoot length, and shoot dry weight. The correlations between Na + and K + , Na + and Na/K were positive and significant while it was negative and significant between Na + and chlorophyll, and Na + and shoot length. The K + concentration was significant and was negatively correlated with Na/K ratio. The shoot length had significant and positive correlation with root length and shoot dry weight.
Evaluation of Genome Composition and Construction of Linkage Map Using SSR Markers
A total of 912 SSR markers spanning all 12 chromosomes were screened for detecting polymorphism between parents. One hundred twenty-six polymorphic markers with coverage of whole rice genome were selected for genotyping the IL population (Supplementary  Table S2 ). These SSRs were distributed over the rice genome with 5 Mb intervals between adjacent markers with an average of 11 markers per chromosome. The linkage map was constructed using Kosambi mapping function, and it covered 2315 cM with an average marker interval of 18 cM (Supplementary Table S3 ). Overall, the linear order of the SSR markers in our genetic map was in agreement with the physical map.
The genome composition of the 138 ILs and the number of introgressed donor segments were studied using CSSL finder (Table 3) . Ninety ILs were selected covering the whole rice genome (Figure 2 ). . J, N, and IL indicate the positions of the mean phenotypic values of Jupiter, Nona Bokra, and the IL population. SIS, salt injury score; Na + , Na + concentration; K + , K + concentration; NaK, Na + /K + ratio; CHL, chlorophyll content measured by SPAD-502 unit; SHL, shoot length; RTL, root length; DWT, dry weight. A total of 579 segments covering 79% of the Nona Bokra genome were transmitted to the ILs. There are 48 segments on an average on each chromosome with an average size of 6 Mb. The coverage of the donor genome in the IL population was highest for chromosome 1 (97%) followed by chromosome 6 (86%) and chromosome 3 (79%). On an average, the genome composition of each IL had 92% of the recurrent parent while the composition of the donor in each IL was 8% (Supplementary Figure S2 and Supplementary  Table S4 ).
QTL Analysis for Traits Related to Seedling Stage Salinity Tolerance
QTL analyses were conducted for 8 seedling salinity tolerance traits in the IL population using interval mapping (IM) and inclusive composite interval mapping (ICIM). A total of 40 additive QTLs were detected by IM (Supplementary Table S5 ) for all 8 traits whereas 33 additive QTLs were detected by ICIM (Table 4 and Figure 3) . A total of 210 interactive epistatic QTLs were detected (Supplementary Figure S3 and Supplementary Table S6 ).
Four QTLs were detected for SIS by IM with significant additive effects. Two QTLs were mapped on chromosome 2 while one each on chromosome 1 and 5. All QTLs were with small effects with phenotypic variance ranging from 3% to 8%. The Jupiter allele had increasing effects in all the detected QTLs suggesting the desirability of Nona Bokra alleles at SIS QTLs. In ICIM analysis, 4 significant QTLs were mapped close to the QTLs mapped in IM. For epistatic QTLs, 10 pairs of QTLs were significant explaining a phenotypic variance of 1% to 5%. Twelve QTLs were from Jupiter alleles and 8 were from Nona Bokra. One epistatic QTL qSIS5.3 with a phenotypic variance of 4% was co-localized with additive QTL qSIS5.1 on chromosome 5.
In both methods, 4 consistent QTLs were detected for shoot Na + concentration on chromosomes 2, 3, and 8. Each QTL explained at least 3% of the phenotypic variation. In all the detected QTLs, Nona Bokra allele had an increasing effect. Interval mapping of epistatic QTLs detected 38 pairs of significant QTLs. Out of 76 epistatic QTLs, Nona Bokra and Jupiter alleles were responsible for increasing effect in case of 41 and 35 QTLs, respectively. Two epistatic QTLs with one each on chromosome 3 and 8 were co-localized , shoot potassium concentration; NaK, ratio of the shoot sodium and shoot potassium concentration; CHL, chlorophyll content; SHL, shoot length; RTL, root length; DWT, shoot dry weight. *Significant at α = 0.05. **Significant at α = 0.01. ***Significant at α = 0.001. Interval mapping detected 12 significant QTLs for shoot K + concentration with 5 QTLs on chromosome 1, 3 on chromosome 2, 2 on chromosome 4, and 1 each on chromosome 3 and 8. All QTLs were minor effect QTLs with phenotypic variance ranging between 2% and 5%. In ICIM analysis, 4 QTLs were on chromosomes 1, 2, and 4. The additive QTL qK2.1 was a major QTL for shoot K + concentration on chromosome 2 with a phenotypic variance of 10%. For all detected QTLs, Nona Bokra alleles had increasing effect which indicated the importance of Nona Bokra allele for increased uptake of K + in shoot. Fifty pairs of epistatic QTLs were detected for shoot K + concentration in which Nona Bokra alleles increased trait mean in 71 QTLs and Jupiter alleles in the rest. Thirteen epistatic QTLs were co-localized with 7 additive QTLs. On chromosome 1, the epistatic QTLs qK1.1 and qK1.2 were co-localized with the additive QTL qK1.1 detected by IM. Among other epistatic QTLs, qK1.3 co-localized with additive QTL qK1.2; qK1.4 and qK1.5 co-localized with additive QTLs qK1.3; qK3.5 and qK3.6 co-localized with qK3. 1; qK4.3, qK4.4, and qK4.5 co-localized with qK4.2; qK8.3, qK8.4 , and qK8.5 co-localized with qK8.1.
The ratio between shoot Na + and K + is crucial for determining the salinity tolerance. Two significant additive QTLs were detected in both IM and ICIM. Both (qNaK1.1 and qNaK4.1) were major effect QTLs with a phenotypic variance of 9% and 10% and Jupiter alleles had an increasing effect. In total, 17 pairs of epistatic QTLs were mapped for NaK. All additive QTL positions were independent of interactive epistatic QTLs.
A total of 8 significant additive QTLs were detected for CHL under salt stress in IM whereas 12 significant QTLs were detected in ICIM analysis. All the QTLs detected in IM were minor with phenotypic variance ranging from 1% to 7%. The QTLs detected under ICIM were also small effect QTL with a phenotypic variance ranging from 1% to 6%. All QTLs detected in both methods were having increasing effect from Jupiter alleles. A total of 61 pairs of epistatic QTLs were detected for CHL under salt stress. A total of 3 chromosome regions with additive effects were detected for shoot length under salt stress. Three QTLs were mapped on chromosomes 2, 4, and 11 in IM while 2 QTLs were detected in ICIM. The QTL qSHL11.1 was a major effect QTL with a phenotypic variance of 13%. One QTL had an increasing effect from Nona Bokra allele while the other from Jupiter allele. Sixteen pairs of epistatic QTLs were detected for shoot length. All these were minor QTLs. Nineteen of 32 epistatic QTLs had an increasing effect from Nona Bokra allele while 13 had an increasing effect from Jupiter allele.
Four additive QTLs were detected for root length by interval mapping. In contrast, composite interval mapping detected only 3 QTLs. One large-effect QTL in chromosome 11 (qRTL11.1) was significant and accounted for nearly 10% of the phenotypic variation. Both parents contributed for increasing the root length in the ILs. Eight significant pairs of epistatic QTLs were detected.
Three additive QTLs were mapped in IM while 2 QTLs were detected by ICIM for shoot dry weight. Both QTLs detected in ICIM (qDWT4.1 and qDWT7.1) were same as with IM. All additive QTLs detected by IM and ICIM were minor with a phenotypic variance ranging from 5% to 6%. All shoot dry weight additive QTLs had increasing effects due to Nona Bokra alleles. Analysis of epistatic QTLs detected 10 pairs of interacting QTLs. Out of the 10 pairs of epistatic QTLs, only 4 had increasing alleles from Jupiter while the remaining 6 had an increasing allele from Nona Bokra allele.
Analysis of Tolerant ILs
Twenty-four ILs showed high tolerance with a SIS score less than 5.0 and were significantly different from the susceptible parent Jupiter (Table 5 ). The mean SIS score in the highly tolerant ILs ranged from 3.3 to 4.7 while the Na + concentration ranged from 879 to ). For NaK ratio, IL578 recorded the lowest ratio of 2.9 which was lower than that of donor Nona Bokra (3.4). The SPAD reading was highest in IL105 (36.2) while it was lowest in IL574 (15.3). Most of the tolerant ILs recorded shoot length intermediate between the parents. IL389 recorded highest root length (10.6 cm) while it was lowest in IL105 (7.4 cm). The IL389 recorded highest dry weight of 0.36 g which was more than that of Nona Bokra (0.28 g).
IL100 was the most tolerant line with a SIS score of 3.3 and NaK ratio of 3.9 whereas the corresponding values for Nona Bokra were 2.7 and 3.4, respectively. The IL100 had Na + concentration between both parents but had K + concentration and CHL more than the donor. The shoot length and dry weight were between both parents whereas the root length was less than both parents. The genome composition of IL100 indicated that it had 9 segments of Nona Bokra on 4 chromosomes with 10% donor genome. The other highly tolerant ILs with SIS score less than 4.0 were IL244 and IL578. The IL244 had 7 donor segments from 6 chromosomes with 95% of the recurrent parent genome while the IL578 had the highest number of donor segments among all the tolerant lines. A total of 13 donor segments from 9 chromosomes were introgressed in IL578 with 14% of Nona Bokra genome. Both IL244 and IL578 had K + concentration similar to that of Nona Bokra but the IL578 had a lowest Na + concentration (879 mmolkg −1 ) among all the tolerant lines. The other tolerant ILs, IL105, IL389, IL586, and IL648, recorded an average SIS score of 4.3. The IL105 had 6 donor segments from 3 chromosomes with 7% of donor genome. The IL389 had 9 donor segments from 7 chromosomes with 89% recurrent parent genome. The IL648 had 8 donor segments from 7 chromosomes with 9% of donor genome The IL138 recorded a mean SIS score of 4.7 but it had highest recovery of the recurrent parent genome (99.6%) with only one introgressed segment on chromosome 10. The IL491 and IL541 with a mean SIS score of 4.7 had 10 donor segments. The IL541 and IL34 had the highest percent of donor genome (14%) among all tolerant ILs. The IL138 had lowest donor genome followed by IL5 and IL243. Above data indicated a large variation for the traits and genome composition among the highly tolerant lines (Supplementary Figure S4) .
GO Analysis of Selected QTL Regions
Seven chromosome intervals harboring at least 2 QTLs for different traits were selected for GO analysis. The total number of Parental source of increasing allele: J, Jupiter; N, Nona Bokra. CHR, chromosome; LOD, logarithm of odds; PVE, phenotypic variation explained by each QTL; SIS, salt injury score; Na + , shoot sodium concentration; K + , shoot potassium concentration; NaK, ratio of the shoot sodium and shoot potassium concentration; CHL, chlorophyll content; SHL, shoot length; RTL, root length; DWT, shoot dry weight.
annotated genes in QTL intervals varied from 33 to 994 (Table 6  and Supplementary Table S7 ). The percentage of annotated genes was nearly 100% in all the intervals, and the significantly expressed GO terms varied 0-24%. Both the QTL intervals on chromosome 1 showed 8 significant GO terms in the cellular component category while the other region on the same chromosome had 8 significant GO terms under 3 GO categories (molecular function, cellular component, and biological process). For the QTL interval on chromosome 2, there were 13 significant GO terms. Three GO terms (GO:0005575, GO:0003674, and GO:0008150) had 584 genes in each. On chromosome 3, the interval between RM3525 and RM7389 had 31 significant GO terms of which 23 were in biological process, and 924 genes were present in each GO terms, GO:0005575, GO:0003674, and GO:0008150. On chromosome 4, the region with QTLs for K + and NaK ratio had 26 significant GO terms (16 in biological process, 9 in molecular function, and 1 in cellular component). The QTL interval on chromosome 8 had 1 QTL each for shoot Na + and chlorophyll and there was significant expression of GO:0005529 with 13 genes associated with carbohydrate binding activity. The genomic region on chromosome 11 harboring 1 QTL each for root length and shoot length under salt stress was enriched for the GO:0005515 with a role in protein binding function and comprised 51 genes.
Discussion
Because there were only a few QTL mapping studies for salinity tolerance involving the landrace Nona Bokra, the present study was undertaken to investigate the genetics of seedling stage salinity tolerance. We developed ILs of Nona Bokra in the genetic background of Jupiter, a high yielding cultivar widely grown in rice growing region of the southern United States. ILs are powerful tools for the identification and simultaneous transfer of new QTLs/gene(s). It improves the accuracy of QTL detection due to elimination of genetic background noise as well as helps in rapid generation of NILs with QTLs/genes of interest for future breeding programs (Xie et al. 2006 ). However, genome coverage is important for getting useful information regarding the number and size of donor segments and QTLs controlling the target traits. In this study, 126 SSR markers were well distributed over the whole genome and IL population inherited nearly 80% of donor genome, which is higher than the observation of Tian et al. (2006) who reported 67.5% of the donor genome in 159 BC 4 F 4 ILs. Salt stress hampers the plant metabolic processes at different growth stages of the plant (Koyama et al. 2001) . The ILs showed varying levels of tolerance and some of the ILs exhibited transgressive phenotype suggesting accumulation of favorable and unfavorable gene combinations from both parents (Figure 1 ). The accumulation of high Na + ions reduced growth as evident from negative correlation between them. The significant negative correlation between SIS and shoot K + concentration indicated that the tolerance in ILs was due to accumulation of more K + ions. Increased uptake of Na + and K + occurs at the same time without any direct competition with each other. The length of seedlings of ILs was normal and close to recurrent parent but had higher dry weight due to better growth under salt stress.
Numerous QTLs have been identified for salinity tolerance in rice (Gregorio 1997; Koyama et al. 2001; Bonilla et al. 2002; Lin et al. 2004; Lee et al. 2007; Kim et al. 2009; Sabouri et al. 2009; Haq et al. 2010; Singh and Flowers 2010; Wang et al. 2012; Bimpong et al. 2013; Kumar et al. 2015; Zheng et al. 2015; Gimhani et al. 2016; De Leon et al. 2016 ) but success in introgression of the identified QTLs in the rice improvement programs is limited (Negrão et al. 2011) . Limited progress in this direction was due to the large influence of the genetic backgrounds of the parents, the growth stages for salinity tolerance screening, and phenotyping procedure (Flowers and Flowers 2005) . Therefore, identification of the QTLs followed by their validation is necessary to integrate QTL information in the molecular breeding programs.
In the present study, Nona Bokra alleles were desirable for all the QTLs identified for SIS. Alam et al. (2011) identified 6 QTLs for SIS on chromosomes 1, 3, 4, 10, and 11 in a BC 3 F 4 IL population of Pokkali developed in IR29 background. Two QTLs for SIS were also identified in their study on chromosome 1 (11.4 and 12.2 Mb) while the QTL qSIS1.1 in this study was located around 23.3 Mb position. The QTL qSES-2 identified by Zheng et al. (2015) was adjacent to the QTL qSIS2. 1. De Leon et al. (2016) in an RIL population of Bengal/Pokkali identified 7 QTLs for SIS on chromosomes 5, 6, 7, 8, 9 , and 11 on a high-density SNP linkage map. One major QTL qSIS5.1b with 13% phenotypic variation was identified on chromosome 5 which was far from the QTL identified at 20 Mb position in the present study.
The QTL for shoot Na + concentration on chromosome 3 at 30.3 Mb position was very close to the QTL qNAUP-3 (31.2 Mb) by Sabouri and Sabouri (2008) in an F 2:3 mapping population derived from 2 indica lines. Lin et al. (2004) studied F 2 population of the cross Koshihikari/Nona Bokra and identified one QTL qSNC-7 for shoot Na + concentration on chromosome 7 and one QTL qRNC-9 for root Na + concentration on chromosome 9. It was interesting to note that Nona Bokra allele contributed to increase of shoot Na + concentration in all QTLs. Although this trait is not desirable, several studies reported increased shoot Na + concentration due to the QTL alleles of salt tolerant donors such as At354 (Gimhani et al. 2016) , Changbai10 , and Nona Bokra (Lin et al. (2004) . In the present study, despite the increased shoot Na + concentration, some ILs exhibited high level of tolerance which might be due to improved NaK ratio.
Nona Bokra alleles had favorable effects in all the identified QTLs for increasing the shoot K + concentration. Three QTLs viz., qSNC-1, qSNC-2, and qSNC-5, were identified for shoot K + concentration in which qSNC-2 was closer to the QTL qK2.1. Lin et al. (2004) identified one major QTL qSKC-1 on chromosome 1 at 11.2 Mb position in an F 2 population of Koshihikari/ Nona Bokra which was very close to the qK1.2 at 11.5 Mb. The QTL qK1.11 at 11.5 Mb position for shoot K + concentration identified by De Leon et al. (2016) colocalized with the QTL qK1.2. Three QTLs for shoot K + concentration (qK1.1, qK1.2, and qK1.3) in this study by Interval mapping were in the Saltol region identified in the RIL population of IR29/Pokkali (Thomson et al. 2010) . The QTL for shoot K + concentration qK1.1 is congruent to the Saltol QTL (Bonilla et al. 2002) or qSKC1 (Gimhani et al. 2016) . Fine mapping of qSKC1 followed by cloning identified a gene HKT1 located at 11.46 Mb position. The major role of this gene is to maintain Na + /K + homeostasis by removing the Na + ions from xylem. In other studies, Saltol QTL for low NaK ratio flanking qSKC1 was identified (Gregorio 1997; Bonilla et al. 2002) . There has been effort to introgress the Saltol in to elite varieties of their region particularly in Asia and Africa (Bimpong et al. 2016; Singh et al. 2016) . But Alam et al. (2011) could not find significant differences in SIS between Saltol and non Saltol containing backcross lines suggesting the need for discovering additional novel QTLs to improve salinity tolerance in rice.
Two QTLs were identified for NaK ratio on chromosomes 1 and 4. The QTL qNak1.1 at 23.2 Mb may be the same as qSNK1 and QNas/Ks1 identified by Gimhani et al. (2016) and Fotokian (2011), respectively. Pandit et al. (2010) identified a QTL qNa/KSH-1.1 on chromosome 1 for NaK ratio. Thomson et al. (2010) , shoot sodium concentration; K + , shoot potassium concentration; NaK, ratio of the shoot sodium and shoot potassium concentration; CHL, chlorophyll content; SHL, shoot length; RTL, root length.
1. The qNak1.1 was located in one of the hot spots (22.5-23.2 Mb) for morphophysiological traits associated with salinity tolerance (Gimhani et al. 2016) . The QTLs identified for other traits also contributed for salinity tolerance. Thomson et al. (2010) Leon et al. (2016) might be congruent to qCHL3.1, qSHL2.1, and qRTL3.1 of this study. The recurrent parent Jupiter had desirable alleles for CHL while both the parents contributed desirable alleles for shoot length, root length, and dry weight. These QTLs need to be considered in breeding programs for improvement of salinity tolerance. The QTLs for CHL and shoot K + concentration were co-localized in 3 regions on chromosome 1 and one region each on chromosome 3 and 8.
There were 7 marker intervals where at least 2 QTLs were localized. Previous studies confirmed that QTLs for correlated traits were mapped to the same chromosome regions (Tan et al. 1999) . Correlations between traits might be due to pleiotropy or tight physical linkage. If it is due to pleiotropy, then location of the QTLs for both the traits and the direction of the genetic effects will be the same but if it is due to physical linkage, the directions of the genetic effects will be different. The direction of the genetic effects was same in some intervals whereas it was different in some intervals. Hence, the correlations might be due to both pleiotropic effect as well as physical linkage.
Identification of candidate gene(s) underlying major QTLs for tolerance to salt stress is of prime importance to incorporate in the breeding programs. To avoid laborious fine mapping and gene expression studies, rice genome information has been used for prediction of candidate genes. The genomic region between RM 9 and RM 5 had a candidate gene Os01g41870 under cellular component category coding for serine/threonine kinase which might be responsible for enhanced salt stress tolerance through regulation of genes involved in multiple abiotic stress tolerance including salinity and drought (Diédhiou et al. 2008; Kulik et al. 2011) . Similarly, the region between RM3412 and RM10748 on chromosome 1 had the candidate gene Os01g20880 coding for serine/threonine kinase and Os01g20910 coding for zinc finger type domain containing protein which was involved in salinity tolerance.
The marker interval between RM5780 and RM29 on chromosome 2 had candidate genes coding for zinc finger type domain containing proteins (ubiquitin protein ligase) which might contribute toward salinity tolerance. Hwang et al. (2016) identified salt induced RING protein finger 1 in rice roots exposed to salt stress. The genomic region on chromosome 3 with QTLs for Na + and CHL had candidate genes for cytochrome, chloroplast protein import, and phytochrome interacting proteins. Other candidate genes in this region were Os03g53900 coding for universal stress protein and Os03g54100 coding for potassium channel protein. The candidate gene Os03g62580 coding for vacuolar sorting protein might contribute to tolerance to salt stress as reported by Yaish et al. (2015) in date palm. On chromosome 4, the interval between RM3839 and RM3288 had QTL for K + concentration, and this genomic segment had 2 candidate genes Os04g32920 and Os04g36740 coding for potassium transport under the significant GO term GO:0006810. In chromosome 8, RM408-RM1111 had QTLs for Na + and chlorophyll. The region had candidate genes for cytochrome P 450 that contributes to the CHL. The candidate genes Os08g05690 and Os08g05710 coding for ABC transporter were also identified in this region. Hossian et al. (2016) identified ABC transporter genes involved in salt stress tolerance in diverse rice genotypes by acting as transmembrane transporters. The region between RM229 and RM206 on chromosome 11 had QTLs for root and shoot lengths. The candidate genes Os11g32110 and Os11g32510 coding for auxin response factors might be responsible for increased root length under salt stress. Qi et al. (2012) identified OsARF12; a transcription factor on auxin response gene regulates root elongation in rice. Other candidate gene Os11g32270 (N rich protein) may have a role for increased shoot length under salt stress.
SIS scoring is a useful measure to evaluate the overall performance of a breeding line under salt stress at seedling stage. Based on this parameter, ILs 100, 244, and 578 were judged the best among the selected tolerant ILs with 10%, 5%, and 14% of donor genome, respectively ( Table 5 ). The ILs 578 and IL205 had NaK ratio lower than Nona Bokra suggesting uptake of more K compared to Na. Among ILs, uptake of Na in IL578, IL648, and IL393 was much lower than the donor line whereas K uptake in IL205, IL100, and IL541 was much higher than the donor. This observation suggested that the homeostasis between Na + and K + concentrations was the key factor in the tolerance to salt stress and improved salt tolerance observed in plants with high Na concentration may be due to compartmentation of Na + ions in vacuoles rather than Na + exclusion (Akbar et al. 1986 ). But it was also possible that Na exclusion or increased uptake of K in some ILs might have contributed toward increased salt tolerance. Low SIS scores coupled with low Na + uptake and low NaK ratio are major contributing factors for salinity tolerance especially at seedling stage (Lisa et al. 2004) . Since the exact mechanisms of tolerance and their contribution may be different in these selected ILs, the fine mapping should be pursued using these ILs to associate the candidate genes with salt tolerance.
Among the traits evaluated for salinity tolerance in this study, SIS, Na + , K + , and NaK ratio may be targeted for marker-assisted breeding. SIS is a good measure to assess the overall performance of rice plants under salt stress at seedling stage. The amount of Na + and K + uptake by plants is also critical for adaptation under salt stress. Since most QTLs identified in this study are with small effects, marker-assisted pyramiding becomes challenging as the number of QTLs increases. A more effective and practical strategy is to deploy marker-assisted recurrent selection (MARS) to accumulate favorable alleles at multiple QTLs in the population (Bernardo 2008) . Using this strategy, the selected ILs can be used to develop multiple F 2 population or F 2 -derived progenies in which selection indices can be defined based on the information on desirable QTL alleles. Then the selfed progenies of the selected individuals can be recombined by intercrossing followed by repetition of the procedure for a number of cycles. MARS has been reported to be effective in make genetic gains in grain yield in maize under drought stress environment (Beyene et al. 2016; Bankole et al. 2017) .
Most of the salt tolerant donors used in breeding program belong to indica subspecies from South and Southeast Asia with many undesirable attributes. These germplasm are not adapted to rice growing regions of the southern US. It is always desirable to introgress minimum amount of donor genome in ILs for use in breeding program to avoid linkage drag. All selected ILs are dwarf and photoinsensitive with white pericarp and reduced shattering. The development and selection of ILs with improved salt tolerance in the genetic background of an adapted high yield yielding variety Jupiter will be valuable pre-breeding material for use in rice breeding program in the United States.
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